Abstract. An improved spectrum shaping iterative algorithm is proposed in this paper in order to solve a wideband waveform design. The spectrally constrained condition is set up before an optimally initial signal is obtained by constraining the amplitude spectrum of the input initial signal. With which, an existing iterative process is initialized on the basis of spectral constraint, the desired signal would be output when the terminate condition of the process is satisfied. The simulation results based on a wideband LFM signal has shown that in the spectrum notch depth range of 30 -40dB, the iteration number and time performance of the improved algorithm are significantly better than the original, with it having more outstanding robustness.
Introduction
RF spectrum is a kind of limited natural resources, and a large number of wireless applications, such as the fixed, mobile, broadcasting, amateur, space research, meteorology, global positioning system (GPS), environmental monitoring, and the communication services that guarantee the safety of maritime and air traffic, etc., have constantly been increasing on the spectrum demand. While a spectrum monitoring experiment in Hoboken river of New Jersey for 700 ~ 800MHz frequency band claimed [1] , part of the spectrum was always used, and part of that never used, in addition the other part used in some period of time. To some extent this work has revealed one fact that the spectrum resources are not sufficiently utilized, in contrast there is a certain waste. Therefore, in the wideband waveform design, incorporating notches into some specific bands [2] in order to avoid mutual interference, achieving spectrum sharing, and efficiently taking advantage of spectrum resources seem valuable a lot.
The US Federal Communications Commission (FCC) released in 2002 the provision of spectral masks (spectral boundary) [3] so as to make the spectrum resources the most efficiently and rationally used of, which not only limits the power spectral density(PSD) of the wideband signal to a very low level, but also sets a different PSD for different frequency bands to prevent various wireless wideband signals in the same band from mutually interfering, moreover, typically requires radar signal attenuated by more than 30dB at the bands allocated to the other systems, i.e., the spectrum notch depth have to reach or exceed 30dB.
So far, a large number of broadband waveform design achievements has emerged here based on FCC spectral masks [4] [5] [6] [7] [8] [9] . Literature [4] used the orthogonal Hermite-Rodriguez basis functions and linear FM(LFM) to model the design problem as a quadratic semi-infinite programming one, resulting in fine effect with being too complicated; Paper [5] utilized Remez(Parks-McClellan) algorithm to take spectral constraint and shaping Based on Chebyshev approximation method, which is actually performing FIR filtering, simple and easy to implement, but can not optimize spectrum utilization and easily reach expected spectrum notch. [6] derived the spectral notches from optimizing the signal autocorrelation function, which can not be capable of controlling accurately the width and depth of the spectrum notches; [9] proposed a simple and efficient iterative algorithm that it reaches design targets by constraining the amplitude of the domain sequence and spectrum, however, is 5th International Conference on Computer Sciences and Automation Engineering (ICCSAE 2015) sensitive and dependent to and on the initial input signal. Based on the literature [9] , an improved algorithm was proposed, the relevant simulation and verification was implemented as well.
The improved method
The waveform design issue in [9] can be expressed: 
Where  is a complex scalar,
is the spectrum of desired signal, and
is an Unitary Fourier matrix, 2  denotes the Euclidean
Norm of one vector. Step 1) -3) are repeated until the algorithm meets the terminate or convergence condition. However, it is difficult for the optimal 0 x to be determined, which has a great impact on convergence performance of the algorithm. Based on the problem above, in this paper, a preprocessing model is set up in front of the model in (1) . In advance, the amplitude spectrum of initial signal was optimized and constrained to the scope of , 1, 2,...,
The cost function in (3) can be recasted as : 
where
Further derivation of (4) leads to : 
In fact, Minimizing (4) is equivalent to Minimizing (6) that is quadratic function with respect to i h , the solution can be accessed easily : 
In actual operation of the algorithm, | | 
where, 0   is a little value that denotes the relaxation level. 
Since the solving in step 2) and 3) isn't restrained at all, the solutions would be respectively derived : .
Simulation
Designing a LFM signal for wideband radar. Assuming its frequency range differ from 85 to 428MHz with the time domain pulse width 53.031μs and FM rate 6.438（MHz / μs）, in which four bands 167.2 -175.8, 233.8 -294.3, 309.1 -340.4, and 378.2 -388 MHz are occupied by four communication radio stations respectively. In order to prevent the radar signal from jamming the radio station, the desired waveform should be provided with four spectrum notches, the depth of these notches reach up to 35dB. The spectrum of the initial signal 0 x is shown in figure (a) . From the graph (a), it's seen that any spectrum notches of the initial signal are not strictly satisfing the requirements of the depth of 35dB, the improved algorithm was attended to process the input signal. And, respectively, figure (b) and (c) demonstrate the plot and spectrum of the optimally initial signal. From the graph (d) it can be seen that the depth of the four notches in the desired spectrum have strictly reached 35dB. In order to verify the robustness and reliability of the algorithm, as well as the performance of iteration number and the iteration time of the algorithm, the depth of the spectrum notch ranged from 30 to 40dB, and the Monte Carlo experiment for 500 times every 2dB were performed, as result, the performance of iteration number and the iteration time of the algorithm were shown in the (e) and (f). As can be seen from the graph (e) and (f), in the depth range 30 -40dB, the performance of the improved algorithm is obviously better than that of the original in terms of the number and time of iteration, with the former having better robustness.
Conclusion
The improved algorithm proposed in this paper is based on the spectrum's constraint and optimization of input signal, in accordance with the design requirements, the spectrum notches are incorporated into the desired signal bands for achieving waveform design. Its characteristics are in that preprocessing the amplitude spectrum of initial input signal to obtain the optimal initialization spectrum, and further to initialize an existing iterative process, so as to achieve the desired waveform. Although the proposed algorithm showed a clear advantage, the flexibility in setting up the width and depth of spectrum notches are still inadequate, in addition, the performance in iteration number and time contains further room for improvement. Finding out a more flexible and efficient algorithm for wideband waveform design is the focus of the next research.
